Abstract Calcium (Ca 2+ ) signals have been implicated in regulating plant development and responses to the environmental stresses including a programmed cell death pathway. In animals and plants, cytosolic Ca 2+ signals have been involved in the activation of programmed cell death (PCD). Recently, we reported that disruption of Arabidopsis vacuolar Autoinhibited Ca
2+
-ATPases (ACAs), ACA4 and ACA11, resulted in the activation of a salicylic acid-dependent programmed cell death pathway. Although extensive studies have revealed various components of a PCD in plants, executors to directly induce PCD are well unknown. Here, we provide that the vacuolar processing enzymes (VPEs) are involved in a PCD induced by the double knockout mutant of vacuolar Ca 2+ -ATPases in Arabidopsis. The gene expression of VPE was rapidly up-regulated and the enzyme activity of VPE was increased in the double mutant plants. We also generated aca4/aca11/αvpe, aca4/aca11/γvpe and aca4/aca11/ αvpe/γvpe mutant plants. Although cell death phenotype of the double mutant plants was not completely disappeared in the triple and quadruple mutant plants, the triple and quadruple mutant plants showed to significantly delay cell death phenotype of the double mutant plants. These results suggest that the VPE is involved in the HR-like cell death in the double mutant of vacuolar Ca Sanders et al. 1999; Berridge et al. 2000; Lam 2000 (Wyllie et al. 1980; Raff 1998; Clarke 1999; Yu et al. 2001; Zamzami 2001; Ott et al. 2007; Riedl 2007 Fig. 2A) . 또한, aca4/ aca11/γvpe 돌연변이 식물체와 aca4/aca11/αvpe/γvpe 돌연 변이 식물체들도 이와 같은 방법으로 확인해 본 결과 이 들 돌연변이 식물체에서도 T-DNA가 제대로 삽입된 것을 확인할 수 있었다 (Fig. 2B, C) . 
삼중과 사중 돌연변이 식물체에서

